Two pathophysiological effects of endotoxin in mice have been shown to be under the major influence of polygenic inheritance. The first, endotoxemia, was measured by LDO assays on hybrids and backcross hybrids of the resistant C3H /HeJ and the susceptible A/HJe strains. The LD50 values of the Fl hybrids and the backcross hybrids were intermediate between the respective parental types. The second effect, the intraperitoneal extravascular leukocyte response to small doses of endotoxin, also was found to follow characteristic patterns of polygenic inheritance. As estimated from an analysis of the variance of mice of the Fl and F2 generations, the degree of genetic determination is approximately 54% for the neutrophil response and 82% for the monuclear response.
The intraperitoneal cellular response and mortality induced by lipopolysaccharide endotoxins in mice have been shown to be strain dependent (11, 12) . Although these host responses are undoubtedly the end result of a complex series of events, their quantitation in different strains of highly inbred mice has permitted analysis of the important role of inheritance in these phenomena. Furthermore, by virtue of the fact that marked genetic differences exist, comparative experimental models for elucidating the physiological mechanisms set in motion by endotoxin are feasible.
The studies reported here provide more evidence to support the proposition that host responses to endotoxin are under genetic control.
MATERIALS AND METHODS Endotoxin. To minimize variation due to different endotoxin preparations, one lot, prepared by the trichloroacetic acid method from Escherichia coli 0127:B8 cells, was used throughout. Further details about the preparation and handling of the endotoxin have been previously reported (12) .
Leukocytes. Peritoneal leukocytes were recovered from 6-to 7-week-old mice 24 hr after intraperitoneal injection of 10 jAg of endotoxin in 0.1 ml of saline. The mice were -+ 1 g of their average weight for this age. Mice were killed by exsanguination, and the peritoneal cavity was lavaged with saline containing fetal calf serum and ethylaminediaminetetraacetate. Total cells were counted with an electronic particle counter, and differential counts were made on Wrightstained brush smears by two independent observers counting a total of 400 cells per slide (12) .
LD50 . Lethality tests were done on 6-to 7-week-old male mice as previously described (12) . LDw values were read from log probability plots of the per cent mortality versus the microgram dose of endotoxin.
Animals. Inbred mice of the A/HeJ and C3H/HeJ strains were obtained from Jackson Laboratory, Bar Harbor, Me. Reciprocal breeding was conducted in our laboratory to produce Fl and F2 progeny. In addition, Fl mice were backcrossed to each parental type. All mice were kept in stainless-steel boxes at an ambient temperature between 72 to 78 F. Pregnant females were isolated in separate boxes and kept isolated with their litters after birth. The young were weaned at about 4 weeks of age. All mice were given Purina Mouse Breeding Chow and tap water ad lib.
RESULTS
Susceptibility to toxicity. In view of the magnitude of the difference in susceptibility between A/HeJ and C3H/HeJ mice to the lethal effect of endotoxin (11) The normal peritoneal cavity of mice is essentially free of neutrophils, so that the number of such cells obtained represent those elements which have migrated from the vascular bed into the tissue spaces as a response to the inciting agent. As has been shown (4, 12) , this response to endotoxin is dose-and time-dependent. Thus, the 10-,ug dose of endotoxin and the 24-hr time period were chosen on the basis of maximal differences in cell counts obtained between the two inbred strains of mice, although significant differences were observed between 3 and 96 hr after endotoxin injection (12). In Fig. 1 , the frequency patterns of the neutrophil response in A/HeJ and C3H/HeJ mice are quite distinct, although there is an overlap in the numbers of cells obtained. The mean value of 3.75 X 106 for the A/HeJ mice is substantially higher than the mean of 1.67 x 101 for the C3H/HeJ mice, and the difference is statistically significant at P < 0.001 ( Table 2 ).
The Fl X C3H/HeJ backcross produced mice which gave a mean neutrophil level somewhat lower than the Fl parents and in the direction of the values obtained with C3H/HeJ parents. In addition, the asymmetric frequency distribution of these backcrossed mice more closely resembles the frequency distribution of the C3H/HeJ strain ( It is understood that nongenetic factors would include both environmental effects and systematic errors in measurement which could contribute to the variation obtained. However, in view of the relatively large numbers of animals used in the studies of the Fl and F2 mice, the variation due to systematic errors would be expected to be minimal. Consequently, if we assume that the variance in the Fl progeny is solely environmental, since these mice are genetically homogeneous and share equally the genes of the inbred parental types, and that the variance in the F2 generation is due to both environmental effects and gene segregation, then the degree of genetic contribution to these cellular responses can be estimated by the following formula (3) where S2 is the variance: (SF2 -SF1)/SF2. Calculations made from the variance values shown in Table 2 give an estimate of the degree of genetic determination for the neutrophil response as 54% and for the mononuclear cell response as 82%. To determine whether the differences in variance of the Fl and F2 populations were not due to scale effects, the arithmetic variances were converted to logarithmic values by the method of Wright (14). In this case, the degree of genetic determination was calculated to be about 50% for the neutrophil response and about 69% for the mononuclear cell response.
Effect of maternal environment. Newborn mice 1 to 2 days of age were transferred to lactating III VOL. 5, 1972 on October 28, 2017 by guest http://iai.asm.org/ Downloaded from (11) females of the opposite strain so that A/HeJ mice were raised with C3H,'HeJ mothers and C3H/HeJ mice were raised with A/HeJ mothers.
The litters were weaned at the usual time and the mice were injected with the standard dose of endotoxin when they were 6 to 7 weeks of age.
Although relatively small numbers of mice of both sexes were tested in this fashion, so that the mean values obtained are only approximate, the N/M values in Table 3 are quite similar to those obtained with inbred mice raised in their normal maternal environments (Table 2) . Clearly, the overriding determinant in these cellular responses is genetic. DISCUSSION In recent years, evidence has accumulated that susceptibility to the lethal effect of endotoxin in mice is strain dependent (6, 7, 9, 11 (Table 2) . Furthermore, quantitative characters are commonly found to increase in variance when the mean increases and to decrease in variance when the mean decreases, a finding we also observed (Table 2 ). This is not to say that the size of the variance is dependent on the size of the mean, for inspection of the data in Table 2 Chai (2) to be under multiple gene control; in fact, about 50% of the total variation of blood leukocyte levels was found to be genetically determined (1) . In another related study, Weir and Schlager (13) 
